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throughout the experiment, except during the calving season. Weaning usually took place in late November or early December. Selection was for increased growth until weaning, based on October weights early in the experiment and estimated breeding values for 200-day weight and 'milk' later on. With a Mediterranean climate, characterized by Winter and Spring rains and pasture growth, and subsequent almost complete drought in Summer and Autumn, January weighings tended to record cows at their top weight during the year. Records available spanned 1974 to 1990, with cows up to 13 years of age. MEYER (1995) examined genetic parameters for mature weight in these data, considering the records of cows from 3 to 12 years of age. Here, n years of age refers to a cow in her nth year of life with most calvings in April and May, 3-year-olds, for example, were on average 33 months old in January.
For this study, data from 2 to 10 years of age were selected. With a tight calving season, this yielded records on cows from 19 to 119 months old, and up to nine weights per cow.
Characteristics of the data are summarized in Table 1 . Earlier records were excluded to avoid problems of maternal effects. While some 'carry-over' maternal genetic effects on final or 600-day weight, i.e. weight at about 19 months of age, have been found in these data (MEYER et al. 1993) , they were assumed negligible for this study. Later data were disregarded as there were only few records per age and weights tended to fluctuate atypically. Figure 1 shows the distribution of records over monthly age classes. In total, this yielded 3320 and 3530 records on 850 and 915 cows for HEF and WOK, respectively. All nine weights were recorded for 50 (HEF) and 57 (WOK) cows, whereas 165 (HEF) and 197 (WOK) animals had only one weight available.
Analyses
Estimates of phenotypic (P), additive genetic (A) and permanent environmental (R) CFs were obtained by restricted maximum likelihood using program DXMRR (MEYER 1998a). As described in detail by MEYER (1998b) , this involved fitting a RR model, with a set of RR coefficients for each source of variation, and estimating the covariances among RR coefficients.
Fixed effects in the model of analysis were contemporary groups (CG), defined as paddock-year-week (of weighing)-age subclasses (CG1) or paddock-year-week classes 183 Covariance functions for growth
Fig. 1. Numbers of records (--Polled Hereford, ---Wokalups) and mean weights (ž: Polled
Hereford, Á: Wokalup) for ages in the data (CG2) only. For the former definition, it was distinguished between three age groups, namely 2-year-olds (19-22 months), 3-year-olds (31-34 months) and older cows. The rationale for CG1 was that CG effects might well affect heifers, young and old cows differently. The population age trend was taken into account by fitting a fixed regression on orthogonal polynomials of age. Preliminary least-squares analyses ignoring animals (i.e. considering contemporary groups and the fixed regression only) were carried out to determine the order of polynomial fit required to model the population trajectory. Random effects fitted for each animal were set(s) of RR coefficients on orthogonal polynomials of age. Model A was a phenotypic model, fitting an overall animal effect only and ignoring any relationships between animals. Model B attempted to separate additive genetic and permanent environmental effects due to the animal by fitting corresponding sets of RR coefficients, and incorporating all information available on relationships between animals, including those not in the data (parents only). Maternal effects were assumed to be absent. This allowed pedigrees to be 'pruned', i.e. parents without records, unknown pedigree and a single off-spring only were treated as unknown.
Temporary environmental effects or 'measurement errors' were taken into account by fitting corresponding random effects. These were assumed to be independently but nonidentically distributed. Seven different measurement error variances (s 2 oi ,i = 1, 7) corresponding to ages 19-22 months, 31-34 months, 43-47 months, 55-58 months, 67-71 months, 79-82 months, and 91-119 months were estimated.
Analyses were carried out for increasing orders of fit (k) of the RR coefficients. Polynomials up to k = 7 were considered. For model B, additive genetic and permanent environmental RR were fitted to the same order throughout. Note that the first term in a polynomial is a scalar, i.e. for an order to fit of k the exponents of age range from 0 to k−1. Hence, k = 2 gave a linear, k = 3 a quadratic and k = 4 a cubic regression. The fixed regression was 184 K. Meyer fitted to the maximum order for each set of analyses, k = 7 for models A and B and fixed effects CG1 and k = 6 for model B and definition CG2. While this resulted in some overparameterization, it implied that the fixed effects part of the model was constant and thus that likelihood ratio tests (LRT) could be performed to determine the optimum order of fit for the RR coefficients.
Coefficient matrices of the CFs (K P , K A or K R for P, A and R, respectively) were estimated as covariance matrices of the corresponding sets of RR coefficients. Additive genetic and permanent environmental RR coefficients (model B) were assumed to be uncorrelated, as is common practice for the respective random effects in 'finite-dimensional' linear model analyses. At outlined by MEYER (1998b), estimation can be carried out forcing these covariance matrices to have reduced rank. Several analyses were performed for each order of fit, increasing the rank (m) of the covariance matrices of RR coefficients one-by-one until full rank was reached (m = k) or m = 4 (model A) or m = 3 (model B).
LRTs were carried out to determine the optimum order of fit for each data set and type of analysis. A test for an increased order of fit involves the null hypothesis that the additional (co)variance components are zero, i.e. is at the boundary of the parameter space and thus subject to non-standard conditions (SELF and LIANG 1987) . As outlined by STRAM and LEE (1994) , the LRT criterion to test whether the variance and k covariances pertaining to the (k+1)th RR coefficient are zero, has a distribution which is a mixture of x 2 distributions with k and k+1 degrees of freedom. Hence, a standard test assuming the LRT criterion has a x 2 distribution with k+1 degrees of freedom would be too conservative. To accommodate this, the error probability (a) was 'doubled', i.e. (minus twice) differences in likelihood were contrasted to x 2 values corresponding to 2a (and k+1 degrees of freedom). Additional analyses were performed for selected constellations (model, CG definition, order of fit) to further investigate particular results. These included analyses fitting a single measurement error variance only, regressing on age transformed to logarithmic scale instead of age, for WOK fitting separate CGs for each year of age, and for HEF eliminating records for 10-year-old cows.
Results

Fixed effects
Mean square errors (MSE) from least-squares analyses ignoring random effects for different orders of fit of the orthogonal regression modelling the population age trajectory are given in Table 2 for both definitions of CGs. Corresponding estimates of the estimated regression lines and means for ages of data adjusted for estimates of CG effects are displayed in Figure  2 for Polled Herefords (results for Wokalups were similar; not shown).
MSEs decreased up to k = 4, i.e. a cubic regression was sufficient to model age effects. Only for Wokalups fitting paddock-year-week-age subclasses were there small additional reductions in MSEs for k greater than four. With partial confounding of ages and CGs, the latter tended to 'pick up' some of the age effects not explained by an inappropriate regression (i.e. k ³ 4), in particular for CG1. For instance, means adjusted for CG for k = 1, i.e. fitting a scalar term only, showed little age trends (Figure 2 ). Similarly, with less and larger subclasses, regression lines tended to be steeper for CG2 than for CG1 (particularly evident for k = 2, i.e. a linear regression), as CG effects explained less age effects.
For CG2, estimated regression lines and adjusted means for both breeds were virtually the same for all k from four to seven, whereas corresponding lines were more spread out for CG1. This suggests that the subdivision of paddock-year-week classes according to age introduced some 'noise'. With MSEs for CG1 only slightly smaller than for CG2, both definitions seemed to account adequately for systematic trends. As shown below, there was indeed little difference in the estimates of CF and resulting covariance components for the 185 Covariance functions for growth Table 2 . Mean square errors from fixed effects analyses for different orders of fit (k) of the population trajectory, and defining contemporary groups as paddock-year-week-age (CG1) or paddock-yearweek classes (CG2) 
K. Meyer two models. Hence, while it does not matter for the estimation of random effects and their covariances which of the fixed effects in the model of analysis account for systematic trends, it is important when interpreting the estimates of the population trajectory.
Phenotypic covariance functions
Analyses on a phenotypic level only (model A) were conducted to examine the behaviour of estimates under different orders of fit and numbers of parameters fitted (determined by the rank of estimated CF), unencumbered by potential problems of separating additive genetic and permanent environmental effects due to animals. Results from different analyses consisting of the maximum of the log likelihood (log L), the first three eigenvalues of the estimated covariance matrix of RR coefficients and estimates of the measurement error variances are summarized in Table 3 . Likelihood values show unequivocally that a repeatability model (k = 1) does not fit the data, even when allowing for heterogeneous measurement error variances. A minimum of k = 4, i.e. a cubic regression on age was necessary to model the data adequately. While log L increased further for k × 4, these increases were largely outweighed by the number of additional parameters required and not significant. Some convergence problems are highlighted by likelihood values apparently decreasing with higher orders of fit or rank, which was clearly due to failure of the search procedure to identify the maximum of log L correctly for higher numbers of parameters and close to the boundary of the parameter space (eigenvalues of K P close to zero), even with one or more 'restarts' of the maximization procedure.
For HEF, fitting a regression of order k = 7 yielded a significant increase in log L over k = 6 when allowing for a rank of m = 4. Similarly, the LRT criterion for m = 3 and k = 6 versus k = 5 in HEF exceeded the corresponding x 2 value for 2a. LRTs were carried out attaching an error probability of 5 % to each test without any adjustment for the multitude of comparisons made.
The first eigenvalue of the covariance matrix of RR coefficients was much larger than the second eigenvalue, generally ten to twenty times so, for all orders of fit. Likelihoods and estimates for m = 1 differed little for orders of fit from k = 4 onwards. Fitting a second eigenvalue (m = 2) yielded a significant increase in log L throughout, while the third eigenvalue was only important for k = 6 in HEF. Figure 3 shows estimates of phenotypic standard deviations for the ages in the data, derived from estimates of P and the measurement error variances. The top row displays results from analyses for different orders of fit forcing m = 2. While estimates for k = 1 and k = 2 are clearly different, values for higher orders of fit, especially k − 4, are virtually indistinguishable. This demonstrates that modelling of the total variation is robust given a minimum order of fit, with differences in CFs for higher k absorbed by the heterogeneous measurement error variances.
The bottom row of Figure 3 shows estimates for k = 7 allowing for different ranks of K P . Again, there was little difference between analyses, not even for a model assuming measurement errors were identically distributed. While the heterogeneous model still fitted the data significantly better, increases in likelihood (over a model fitting a single measurement error variance only) were considerably smaller than for k = 1 (Table 3 ). For HEF, k = 7 yielded a steep increase in standard deviation for the last four ages in the data, i.e. 10-year-old cows, the more so the higher the rank of K P . This did not match excessive variation within these age classes, neither on the observed scale nor after adjustment for contemporary groups and was thus treated with suspicion together with the associated significant increase in log L for k × 4.
Hence, a cubic regression (k = 4) with a covariance matrix of rank m = 2 appeared adequate to model phenotypic covariances among weights of 2-to 10-year-old cows in these data. Covariance functions for growth Table 3 . Results from phenotypic covariance function analyses: maximum log likelihood (log Similarity of estimated measurement error variances for later ages suggested that less than seven components might suffice, but this was not investigated. Estimated CF were 
with eigenvalues 4 340 and 364 (Table 3) for HEF and 
with eigenvalues 5639 and 164 for WOK, and a i and a j denoting ages standardized to the 189 Covariance functions for growth Fig. 4 . Estimates of phenotypic covariances for Wokalups for ages in the data, fitting a regression of order 4 (cubic) with rank 2 and allowing for heterogeneous measurement variances interval −1 to 1 for which Legendre polynomials are defined. Figure 4 shows P evaluated for WOK for the ages in the data, with the 'spike' along the diagonal depicting measurement error variances.
Genetic covariance functions
Results from corresponding analyses (defining CG as paddock-year-week age subclasses) attempting to partition variation between animals into its additive genetic and permanent environmental components (model B) are given in Table 4 . Overall, results from different orders of fit and ranks of covariance matrices of RR followed the same pattern as those from phenotypic analyses above (Table 3) . Again, a cubic regression (k = 4) with rank 2 provided the most parsimonious description of the data for both breeds. For WOK, log L increased little for higher orders of fit. For HEF estimates of A and thus P for k × 4 again gave dubious, greatly increased variances for 10-year-old cows and were accompanied by almost significant increases in log L.
Estimates for phenotypic (s P ) and temporary environmental (s o ) standard deviations from analyses under models A and B for k = 4 and m = 2 are shown in Figure 5 . On the whole, there was excellent agreement. Phenotypic variances tended to be somewhat higher for the genetic analyses (model B) than for the purely phenotypic analyses (model A), in particular for WOK. This might reflect the inclusion for pedigree information and a resulting reduction in bias of estimates due to selection of animals for growth. There was some discrepancy in estimates of s o for 2-year-old cows, especially for HEF. This was not reflected in corresponding values of s P , however, indicating that differences were 'picked up' by the estimated CFs, i.e. that there was differential partitioning of variation at the youngest ages.
As seen previously (Figure 3) , there was considerably more fluctuation in estimates of s P for WOK than for HEF. Figure 5 highlights that this was clearly due to marked jumps in estimates of s o between years of age. Estimates of s o for cows 8 years and older for both breeds converged to essentially the same value though. This is consistent with the concept of a measurement error, and the resulting temporary environmental variation, which affects all records for a certain trait equally, regardless of age at recording. Conversely, this suggests that different estimates for earlier ages might pertain to somewhat different trait(s). Alternatively, it might be surmised that estimates have been biased by fitting CFs of insufficient order because the data might not have enough power to support alternative hypotheses of an order of fit higher than k = 4. However, as shown in Table 4 , the pattern 
of estimates of s 2 o was essentially the same up to k = 7, making the latter an unlikely explanation.
Definition of contemporary groups
Results from corresponding analyses assuming contemporary group effects affected cows of all ages equally (CG2) are given in Table 5 . While estimates of eigenvalues and measurement error variances (not shown) were similar to those fitting CG1 (Table 4) , LRTs gave slightly different answers, suggesting that a quadratic CF (k = 3) with rank 2 was sufficient for WOK. For HEF though, log L increased significantly up to k = 4 for m = 2 and k = 5 for m = 3, the latter being due to a third eigenvalue for R of 56.
Figure 6 compares estimates of s P , s o , s A (additive genetic standard deviation) and s R (permanent environmental standard deviation) for the two contemporary group definitions, derived for the ages in the data from the respective estimates of CFs and s 2 oi , for k = 4 and m = 2. Again, differences in estimates from the two models were relatively small and did not exhibit a distinctive pattern.
For both breeds, estimates of s A increased unexpectedly for the last ages in the data. While this increase was only slight and accompanied by an increase in estimates of s R for WOK, it was very steep and associated with a corresponding decline in s R for HEF. With s P almost constant (some increase for ages 115 to 119 months), the latter clearly reflected a strong sampling correlation between estimates of s A and s R .
For HEF and CG2, an order of fit of k = 5 with rank m = 3 yielded a significant increase in log L over k = 4 with m = 3. Estimated standard deviations for k = 5 exhibited an even steeper increase in s A than for k = 4 and a resulting steep increase in s P for the last ages in the data (not shown). This was also evident for corresponding estimates for CG1, i.e. did Covariance functions for growth not depend on the definition of CG, and was similar to that observed above for estimates of P and orders of fit of k × 4.
Comparison with previous estimates
Previous analyses of the same data using the approach of MEYER and HILL (1997) had also concluded that orders of fit of k = 4 and k = 3 were appropriate for HEF and WOK, respectively (MEYER 1997). However, those analyses fitted age in years rather than months and did not impose any restrictions on the rank of estimated CFs. Furthermore, there was a separate measurement error for each year of age and the fixed effects part of the model of analysis was 'multivariate', i.e. a different CG effect was fitted for each year of age. This was deemed sufficient to model age trends, i.e. analyses die not fit a fixed regression to model the population trajectory. As shown in Figure 7 , for HEF, estimates of both s P and s o agreed reasonably well with those obtained by MEYER (1997) . For WOK, however, estimates of s o obtained earlier were quite different from those in the present study, being almost constant (ranging from 34 to 39 kg) across all ages with a slight increase for older cows. As could be seen in Figure 6 , estimates of s o in this data set were more affected by the definition of CGs than those for HEF, in particular for earlier ages. Repeating the present analysis fitting separate CGs for each year of age, however, did not change estimates of s o substantially (results not shown). This suggests that differences in estimates were due to the explicit modelling of the population trajectory in this study.
As for previous CF analyses, estimates of s P for both breeds were substantially higher than those from univariate analyses for each year of age (MEYER 1997), especially for cows older than 6 years. In part, this could be due to reduced variation amongst the subset of cows surviving to a given age (selection bias).
Erratic estimates for extreme ages
As emphasized above, the steep incline in estimated variances for 10-year-old cows in HEF was suspected to be caused by some unidentified problems in the data. A similar situation was encountered earlier in an analysis of the WOK data considering records for 2-to 6-year-old cows only (MEYER 1998b) . To investigate the problem further, analyses for HEF were repeated eliminating records for ages 115 to 119 months. As shown in Figure 8 , this reduced the incline in estimates of s A and decline in estimates of s R to some extent, but essentially displayed the same pattern as for the full data set. As before, estimates of s P (not shown) for the two analyses agreed well. Results shown were for an order of fit of k = 4. For k = 5, estimates for all data were even more distorted (s P = 64, s A = 54 and s R = 20 for 119 months versus 62, 48 and 25, respectively for k = 4), while estimates of s A and s R reversed roles, inclining for s R for the last 3 years of data (to 48 kg for 119 months) and declining for s A (to 30 kg for 119 months). Note that estimates of standard deviations for 10-year-olds obtained from CFs estimated from the subset of data required extrapolating, an exercise which should be regarded with caution, as estimated CFs strictly speaking are only valid for the range of ages spanned by the data. Nevertheless, results suggested that problems were not inherent to records for the last ages alone and were highly dependent on the order of fit of random regressions. As noted above, estimates of measurement error variances tended to 'pick up' variation for insufficient orders of fit of CFs. Conversely, estimates of CFs might be biased by not allowing for sufficient heterogeneity in temporary environmental variation. As shown in Figure 7 , estimates of s o for the last 3 years of data from previous analyses fitting a separate variance component for each year (MEYER 1997) were indeed quite different than those from this study assuming s o for cows 8-to 10-years-old was the same.
Repeating the analysis for HEF for (k = 4 and m = 2) fitting nine measurement error variances gave estimates of s o of 29, 35 and 33 kg for 8, 9 and 10 years of age, respectively, i.e. except for 10 years, the estimates were very similar to those obtained by MEYER (1997) . Estimates of A and R and thus s A and s R , however, were virtually unchanged, i.e. incorrect modelling of heterogeneous measurement error variances was not responsible for erratic estimates of A and R for this data set. Similarly, repeating the analysis fitting a fixed regression to the order k = 4 rather than k = 7 or k = 6, ruled out that higher order terms in modelling the population trajectory were the source of problems.
Age on the logarithmic scale
As emphasized by MEYER (1998b) , under a CF model observations are contributing information to the analysis at the age they are made, and the order and spacing between repeated records for an individual is taken into account. This together with the fact that the orthogonal polynomials chosen, the Legendre polynomials, were symmetric implies that equal weight was given to observations early and late in life. Often, however, later records are less representative of the animal, being subject to accumulated selection and environmental effects. Hence it might be preferable to reduce emphasis for records in the later part of life. One suitable mechanism is to transform age to logarithmic scale prior to calculating orthogonal polynomials which decreases the spacing of later records.
Analyses were repeated for both breeds transforming age to logarithmic scale for orders of fit k = 3, 4, 5, 6, rank m = 3 and CG1. For WOK, there was little change in estimates (not shown). The transformation, alleviated the problem of dramatically changing variance components at the highest ages for HEF though, at least for k ¾ 4; see Figure 8 . For k = 6 and to a lesser extent k = 5, however, the pattern of steeply increasing estimates of s A and decreasing estimates of s R observed above was evident again. Corresponding LRTs now did not indicate a significant change in log L above k = 3, although comparison of estimates of s P suggested that, as before, a minimum order of fit of k = 4 was required. Results emphasize that a transformation might stabilize fluctuations in the data but does not 'cure' problems.
Other comparisons
Comparison of models and analyses and orders of fit so far has relied primarily on likelihood values and corresponding likelihood ratio tests and the examination of standard deviations for ages in the data, calculated from estimated covariance functions. The rationale for the latter has been that there can be little confidence in analyses and covariance estimates if variances, especially phenotypic variances, are not estimated correctly. Eigenvalues (and eigenfunctions) of the estimated CF summarize and characterize multivariate relationships. As seen in Tables 3, 4 and 5, dominant eigenvalues tend to fluctuate little, once CFs have been fitted to a sufficient order and rank.
Similar to the visual inspection of standard deviations, complete matrices of covariances for the ages in the data were calculated, and the changes in values between different models and orders of fit examined. On the whole, however, there was little insight to be gained over and above that afforded by the criteria investigated above. For analyses giving significantly different results, average changes in variances and covariances tended to be big, with large standard deviations, and when plotted showed a distinctive trend. If any additional parameters fitted did not improve the likelihood substantially, the pattern of changes tended to fluctuate somewhat erratically, and average changes in (co)variance components were only a fraction of the corresponding standard deviations. Corresponding correlations were much less sensitive to differences in models of analysis. This is illustrated in Figure 9 for genetic covariances and correlations in Wokalups, fitting model B and CG2. Increasing the order of fit from k = 2 to k = 3 caused estimated covariances to be substantially reduced, in particular for later ages (top left of Figure 9 ). In this case, the mean change in variances (=diagonal elements) was −437 with a standard deviation of 1219 and a range of −3285 to 647 (all figures in kg 2 ). Corresponding numbers for covariances (off-diagonal elements) were −3072757 with a range of −3224 to 645. Resulting estimates of genetic correlations (top right of Figure 9 ), however, changed only by −0.00220.038 with changes ranging from −0.131 to 0.076 and correlations for 2-year-olds most affected. In contrast, increasing the order of polynomial fit from k = 4 to k = 6 had, on average, little effect on estimates of covariance components, while causing fairly substantial fluctuations in individual estimates (bottom left of Figure 9 ). For this case average changes were 7.02165.2 (−218 to 350) and 3.82120.2 (−217 to 294) for variances and covariances, respectively. Corresponding changes in genetic correlations (bottom right corner of Figure  9 ) were on average −0.00420.039 (−0.198 to 0.071), i.e. slightly bigger and more erratic than those observed above.
'Final' estimates
In the light of results presented above, an analysis fitting year-paddock-week subclasses (CG2), considered to be the same for all ages, with a cubic, orthogonal polynomial (k = 4) 198 K. Meyer   Fig. 9 . Differences in estimates of genetic covariances (left column) and genetic correlations (right column), between analyses for orders of fit k = 3 and k = 2 (top row), and analyses with orders of fit k = 6 and k = 4 (bottom row); data for Wokalups, fitting year-paddock-week contemporary group subclasses to model mean and individual growth curves, and regressing on age transformed to logarithmic scale was considered to be the most suitable model for the data. Examining full and reduced rank covariance matrices of regression coefficients showed that the first two eigenfunctions, i.e. CFs of rank m = 2, sufficed to model permanent environmental variation in individual growth curves sufficiently. For the genetic CF, ranks of m = 3 for HEF and m = 2 for WOK were needed. Together with seven measurement error variances, that resulted in 23 and 21 parameters to be estimated for HEF and WOK, respectively. Estimates of coefficient matrices of covariances and resulting genetic and permanent environmental covariances functions together with estimates of fixed regression coefficients to model the population trajectory are summarized in Table 6 . Corresponding estimates of measurement error variances are given in Table 7 . As observed in previous analyses, weights for WOK were considerably more variable than for HEF, and WOK expressed more genetic variation. Estimates of genetic, permanent environmental and phenotypic standard deviations together with resulting heritabilities (h 2 ) and repeatabilities (t) for the ages in the data are shown in Figure 10 .
Analysing January weights for 3-year-old and older cows, fitting a repeatability model with age (in years) as a fixed effect, MEYER (1995) reported estimates of s P and h 2 of 56.5 kg and 0.31 and 66.0 kg and 0.48 for HEF and WOK, respectively. For WOK, the latter agrees well with ĥ 2 in this study fluctuating between 0.42 at 19 months and 0.49 at 119 months. For HEF, ĥ 2 from 0.57 (19 months) to 0.37 (119 months) were somewhat higher than estimated previously for weights, but comparable to an estimate of 0.47 obtained for average mature weight when fitting a modified Gompertz curve (MEYER 1995). Estimates of s o were highest for 3-year-old cows (see Table 7 ), causing estimates of both h 2 and t to be lowest for these ages. On the whole, however, estimates of t were considerably higher than the value of 0.61 found by MEYER (1995) for both breeds. Hereford  333  1160  849  940  882  940  1061  Wokalup  548  2169  1729  1705  1212  1387  1063 a Analyses within paddock-year-week subclasses and fitting a cubic, fixed regression on orthogonal polynomials of log (age)
Some of the earliest weights considered here were identical to 'final weights', defined at the weight at between 500 and 700 days of age closest to the target age of 600 days, considered by MEYER et al. (1993) . At average ages of 592 days (HEF) and 584 days (WOK), estimates of h 2 and s Estimates of additive genetic covariances and correlations for ages in the data are shown in Figure 11 . While (co)variances for HEF increased steadily until about 5 years of age and then plateaued, estimates for WOK increased sharply for 3-and 4-year-old cows to decline slightly for the latest ages. Correlation estimates amongst 3-year-old and older cows for WOK were close to unity, exhibited as horizontal plane in Figure 11 (bottom right). For HEF, correlation estimates were less consistent, especially for 2-year-old and 10-year-old cows, being as low as 0.23 for 19 and 119 months (while the corresponding estimate for WOK was 0.64). Clearly this is a reflection of the problems in modelling later ages in this data set observed above.
Corresponding plots for permanent environmental and phenotypic covariances and correlations are shown in Figures 12 and 13 , respectively. Again, estimates for HEF were considerably more variable than for WOK, estimates for environmental covariances and correlations between records at 3 years of age and other ages being consistently low. For WOK, estimates of environmental covariances increased almost linearly throughout life, leading to correlation estimates close to unity among records in subsequent years.
Plots of phenotypic covariance matrices ( Figure 13 , top row) show spikes along the diagonal, depicting measurement error or temporary environmental variances. Otherwise surfaces were smooth for both breeds, indicating that fluctuations in estimates of genetic and permanent environmental covariances for HEF were to a large extent due to sampling variation in partitioning the total variance into its components. Phenotypic correlation (Table 7) . As emphasized by KIRKPATRICK et al. (1990) , eigenvalues and eigenfunctions of genetic CFs provide an insight into the way selection affects the character under consideration. Estimates of the first two eigenvalues of A are given in Table 6 and the corresponding eigenfunctions are shown in Figure 14 . The third, significant eigenvalue for A in HEF was 64.1. The first eigenfunction explained the majority of genetic variation in both breeds, 91.8 % for HEF and 97.3 % for WOK. As shown in Figure 14 , the estimated eigenfunctions pertaining to the dominant eigenvalues of A were very similar. Values were positive throughout, indicating that selection at any age would increase weight.
Discussion
Results show clearly that weights of adult cows throughout their lives cannot be regarded as repeated measurements of a single trait with constant variance and heritability. Growth of animals was described adequately by a cubic regression on age. As cows grew to about 5 years of age (Fig. 1) , variances increased (Fig. 10, top left) . Variability increased most from 2 to 3 years of age. Estimates of temporary, environmental variances were highest for 3-year-old cows, resulting in lowest estimates of heritabilities and repeatabilities for this age. For later ages, estimates of these parameters were consistently higher than from repeatability model analyses, indicating that we can discriminate better between animal and extrageneous effects when accounting correctly for differences in variability at different ages.
Numerous analyses were performed to examine various aspects of the model of analysis, and to determine the most parsimonious description of the data. With some confounding between ages at recording and contemporary groups, defined as year-paddock-week subclasses, there was little difference in estimates of CFs between a 'univariate' fixed effects model (CG2), i.e. fitting the same contemporary group for cows of all ages, a model which fitted different effects of young and old cows (CG1), and the 'multivariate' fixed effects model (CGM) which included a separate CG effect for each year of age. Similarly, there was good agreement between analyses fitting a phenotypic, 'animal effect' CF only and those separating additive genetic and permanent environmental effects due to animals. With a tight grouping of ages, results were similar to those from a previous CF analysis regressing on age in years (MEYER 1997a) . While a cubic regression on age was needed to model variation in individual growth curves, estimated regression coefficients were highly correlated. Transforming to canonical scale 2 or 3 (A for HEF) linear combinations (out of four) of the coefficients of the original scale contained essentially all information, i.e. covariance matrices of random regression coefficients could be estimated as having reduced rank. This allowed the number of parameters to be estimated to be reduced, and thus provided a highly parsimonious model. Some problems have been encountered with the fit of random regressions and CFs giving rise to implausible values of variance or covariance components at the 'edges', i.e. the extremes of the ages in the data. In part this could be explained by small numbers of observations and sampling variation in the partitioning of total variation. Generally, however, this is likely to be caused by the large effect that the values furthest from the mean have in a regression analysis. A transformation of ages to logarithmic scale reduced the influence of the older ages in the data and thus alleviated the problem. Similar phenonema have been encountered repeatedly in the analysis of test day records from dairy cows (JAMROZIK and SCHAEFFER 1997; KETTUNEN et al. 1997 ; VAN DER WERF et al. 1998 ). Further research is required to examine the behaviour of random regression models in more detail and identify conditions under which such unreliable estimates may occur. 
Summary
Annual weights of cows from 19 to 119 months of age in two herds were analysed fitting a random regression model, regressing on orthogonal polynomials of age in months. Estimates of covariances between random regression coefficients were obtained by restricted maximum likelihood, and the resulting estimates of covariance functions were used to construct covariance matrices for all ages in the data. Analyses were carried out fitting regression coefficients corresponding to overall animal effects only and fitting regressions for animals' additive genetic and permanent, environmental effects. Different definitions of fixed effects subclasses were examined. Models were compared using likelihood ratio tests and estimated standard deviations for the ages in the data. Cubic regressions were sufficient to model both population trajectories and individual growth curves. Random regression coefficients were highly correlated, so that estimation forcing their covariance matrices to have reduced rank (2 or 3) did not reduce likelihoods significantly, allowing parsimonious modelling. Results showed that records were clearly not repeated measurements of a single trait with constant variances. As cows grew up to about 5 years of age, variances. As cows grew up to about 5 years of age, variances increased. Estimates of genetic correlations between 3-year-old and older cows were close to unity in one herd but more erratic in the other. For both herds, genetic correlations between weights on 2-year-old cows and older animals were clearly less than unity. 
Zusammenfassung
